We highlight interesting thermomagnetic history effects across the transition line between the (quasi) ordered and disordered vortex states in single crystal YBa 2 Cu 3 O 7−δ , and argue that these features are indicative of the first order nature of the transition line. We suggest that the destruction of the ordered vortex state in YBa 2 Cu 3 O 7−δ leading to vortex liquid (at high temperatures and low fields) and amorphous vortex solid (at low temperatures and high fields), takes place along a unified first-order transition line. The nonmonotonic behavior of this first order transition line gives rise to the possibility of more than one Kauzmann point where the entropies of the ordered and disordered vortex states are equal. In the high temperature region, one may order the vortex lattice by warming it, giving rise to an inverse melting effect.
In a recent report Avraham place along a unified first order transition line. Two different types of energy -thermal energy and pinning energy -actually compete with the elastic energy leading to the destruction of the ordered vortex lattice. At low temperatures and high fields pinning dominates, leading to a field/disorder induced destruction of the ordered vortex lattice. At high temperatures this unified transition line changes its character from disorder induced transition to thermally-induced melting. The apparently unusual finding is the non-monotonic nature of this first-order transition line, leading to the paradoxical situation that in a certain fieldtemperature (B-T) window the ordered vortex state has larger entropy than the disordered vortex state. This in turn has the interesting implication that a crystal transforms into liquid or amorphous state on decreasing the temperature. Such a situation is quite rare but not unknown, one classic example being the the melting curve of 3 He showing a pressure minimum 3 . Similar situation also exists in spin lattice systems 4 where the spin-glass state transforms into a long-range magnetic ordered state with the increase in temperature. However, such a transition is known to be a continuous transition with definite critical
The same non-monotonic character of the transition line between two kinds of vortex solids has been reported earlier for YBa 2 Cu 3 O 7−δ (YBCO) single crystals 5, 6 . In addition the presence of metastability has also been highlighted across this phase transition 6, 7 . We extend this study to argue that the vortex solid-solid transition line in YBCO is also a first order transition line, and there exists a situation of "ordering by heating" in a certain B-T A typical field dependence of magnetization showing peak-effect, which we use to track the vortex solid-solid phase transition line, is shown in Fig. 1 . We identify four characteristic fields: B This is similar to the (B-T) phase diagram that has been reported earlier 6 , but is reproduced here again to make the present study a self contained one.
It is apparent from Fig. 2 that the non-monotonic nature of the phase transition line is more prominent in comparison to BSCCO 1 . The slope of the transition line changes sign twice as a function of temperature, first at around 50K going from negative to positive, and then at around 75K back to negative again. We shall now concentrate on the 50K-75K regime of this phase transition line where, akin to that in BSCCO 1 , exists the interesting suggestion of the transition from the disordered-solid to ordered solid achieved by heating.
We present results in the form of MHLs obtained after preparing the vortex state following two distinct experimental protocols:
1. Zero field cool (ZFC) the sample to the temperature of measurement and then increase the field to go to the vortex solid-solid phase transition region denoted by the shaded area in Fig.2 . The field is then lowered to zero so that an MHL is obtained.
2. Cross the vortex solid-solid phase transition line by varying temperature in the presence of an external field. To do this in the 50K-75K regime, which had not been explored before, we cool the sample from above T C to 50K in the presence of external field of 40 kOe. We then lower the field to the target value at 50K, and then increase the temperature to the temperature of measurement. This is the counterpart of the step-down procedure used in Ref. 6 , where only the low-temperature region was explored.
In 
